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(54) [Title of the Invention] Liquid dispensing apparatus 

(57) [Abstract] 

[Object] 

In a liquid dispenser, make the stackers of plates freely interchangeable between being 
supply stackers and collection stackers. 

[Constitution] 

A liquid dispenser is provided with: at least two stackers that are freely able to move up 
and down, having a plate enclosure, a pair of opposing guide blades pivotally secured about a 
horizontal shaft near the edge of the bottom openings of each of said stackers, and that are freely 
able to pivot between a lower position that engages the bottom surface of the edge of said plates 
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enclosed within said enclosure and an upper position that permits the passage of the plates, a 
carrier that is able to freely rotate horizontally between a first position and a second position, 
wherein said guide blades have notches, said carrier has a protruding guide blade opening/closing 
plate, and when said carrier is aligned with any stacker and that stacker is lowered in that state, in 
said first position, the guide blades and carrier are put into the non-contact state by said notch 
being aligned to said guide blade opening/closing plate, and in said second position, the guide 
blade opening/closing plate engages said guide blade and performs a supply action. 



[Key] 

20. Carrier 
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[Claims] 
[Claim 1] 

A liquid dispensing apparatus provided with: at least two stackers that are freely able to 
move up and down, having a plate enclosure with a bottom opening for enclosing a stack of a 
plurality of plates that have a large number of holes, a pair of opposing guide blades pivotally 
secured about a horizontal shaft near the edge of the bottom openings of each of said stackers, and 
that are freely able to pivot between a lower position that engages the bottom surface of the edge 
of said plates enclosed within said enclosures and an upper position that permits the passage of the 
plates, a carrier that carries said plate and is able to move freely between at least the bottoms of 
said two stackers and the bottom of a dispensing area, where said carrier is able to freely rotate 
horizontally between a first position and a second position, and said carrier and said guide blades 
are shaped such that, when said carrier is aligned with any stacker and that stacker is lowered in 
that state, in said first position, said carrier and said guide blades do not overlap each other so they 
are not in contact, but in the second position, they overlap each other such that they engage each 
other so that said guide blades pivot. 

[Claim 2] 

The liquid dispensing apparatus according to Claim 1, wherein said guide blades have 
notches, said carrier has a protruding guide blade opening/closing plate, and when said carrier is 
aligned with any stacker and that stacker is lowered in that state, in said first position, the guide 
blades and carrier are put into the non-contact state by said notch being aligned to said guide blade 
opening/closing plate, and in said second position, the guide blade opening/closing plate engages 
said guide blade and performs a supply action. 

[Detailed Description of the Invention] 

[0001] 

[Field of Industrial Usage] 

The present invention relates to a dispensing apparatus for reagents, blood or other liquids 
or any other fluid substances, and more particularly to a dispensing apparatus equipped with a 
mechanism whereby the work of exchanging a plurality of plates in the dispensing apparatus can 
be performed easily. 

[0002] 

[Prior Art] 
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In a dispensing apparatus for reagents, blood or other liquids or any other fluid substances, 
dispensing of the same or different reagents of the same or different concentrations is performed 
simultaneously into a large number of the same or different specimens of blood, for example. In 
such a dispensing apparatus, a plurality of plates each having a large number of holes or 
compartments for containing blood or the like are stacked up and enclosed within a plate supply 
stacker. The plates are supplied one at a time from the stacker and sent to a dispensing pipette or 
other dispensing area, where the dispensing of the stipulated blood or reagent is performed 
sequentially, and if necessary, shaking, mixing or other work is performed. Next, plates on which 
processing is complete are put away within the collection stacker. When the stipulated work is 
completed on the plurality of plates in this manner, the plates may be removed from the collection 
stacker and sent to detection apparatus, but in many cases, the plates are returned again to the 
supply stacker in order to dispense other reagents. 

[0003] 

FIG. 1 shows a conventional dispensing apparatus that uses a supply stacker and collection 
stacker. In the figure, the dispensing apparatus 1 is equipped with a dispensing area 4 having a 
holder 3 for a pipette module 2 having a large number of dispensing pipettes that dispense blood, 
reagents or the like, below which is provided a sliding stage 5 able to move horizontally, along 
with a supply stacker 7 and collection stacker 9, and a controller 15 that controls the various 
components. The holder 3 is able to perform three-dimensional indexed movements by means of 
an internal mechanism of the dispensing area 4. In addition, the dispensing pipettes are able to take 
in or expel a controlled amount of liquid by means of a suction means. The stacker contains plates 
(trays) 8 which have a large number of small vessels (cuvettes) 6 disposed in a regular array as 
shown in FIG. 2. The sliding stage 5 is provided with a plate support that supports one plate and a 
plurality of cases 10 that contain a large number of unused dispensing pipette modules 2, and a 
holder that holds a plurality of vessels (behind the cases 10 shown in FIG. 1) for accommodating 
blood or reagents. Note that the stackers 7 and 9 have hooks 1 1 so that the orientation of mounting 
to the main frame can be changed. 

[0004] 

The stackers 7 and 9 are able to move vertically, so the sliding stage 5 moves until the plate 
support is aligned below the supply stacker 7, and then the stacker 7 lowers and supplies plates 8 
one at a time upon the top of the plate support of the stage 5, or the plate support is aligned to the 
collection stacker 9 and then the stacker 9 lowers and collects the plates 8. 

[0005] 
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Regarding the operation, the sliding stage 5 is moved until the plate support is aligned 
below the supply stacker 7, the supply stacker 7 is lowered and a plate 8 is placed on the plate 
support. The stage 5 returns to the position shown in FIG. 1, the dispensing pipette unit 3 moves to 
above the blood or reagent container, drops down, takes up the reagent or the like and then moves 
to above the plate 8 and dispenses it into the cuvettes of the plate. Next, the sliding stage 5 moves 
to align the plate 8 with the collection stacker 9, stacker 9 is lowered and the plate is collected by 
stacker 9. 

[0006] 

The structure and operation of a conventional stacker are as shown in FIGS. 3-6. Referring 
to FIG. 4, mounted to the left and right edges of the bottom opening of the supply stacker 7 are flat 
springs 13 with pawls 12 that engage and support the bottom edges of the plate 8, and the lower 
parts of the pawls 12 are tapered. When the supply stacker 7 containing a plate 8 lowers as shown 
in FIG. 3(a), the tapered surfaces of the pawls 12 engage pawl opening/closing plates 16 provided 
on the stage 5 and open so that the plate 8 drops as shown in FIG. 3(b). Next, when the supply 
stacker 7 is raised as shown in FIG. 3(c), the pawls 12 return to their original positions due to the 
action of the springs 13, thus engaging the bottom edge of the next plate 8 above. 

[0007] 

Referring to FIG. 6, mounted to the left and right edges of the bottom opening of the 
collection stacker 9 are flat springs 18 with pawls 17 that engage and support the bottom edges of 
the plate 8, and the lower parts of the pawls 17 are tapered. In addition, the middle portion of each 
pawl 17 has a notch 19 to prevent it from engaging the pawl opening/closing plate 16 of the stage. 
When the collection stacker 9 lowers as shown in FIG. 5(a), the pawl 17 has a notch 19 so it does 
not engage the opening/closing plate of the stage and goes down without being deflected. For this 
reason, even if it is already holding one or more recovered plates 8, the plates do not drop. Upon 
lowering further as shown in FIG. 5(b), the tapered surface of the pawl is opened by the edge of 
the plate 8 upon the stage, engages its bottom edge and holds the plate. Next, the stacker 9 is raised 
as shown in FIG. 5(c). 

[0008] 

[Problem that the Invention is Intended to Solve] 

In the prior-art example shown in FIGS. 1-2, when the plate 8 is returned from the 
collection stacker 9 to the supply stacker 7, if all of the plates are returned as they are stacked, they 
would be in reverse order, so it is necessary to remove the plates one by one manually from the top 
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of the collection stacker 9 and insert them in order from the top of the supply stacker 7, so this 
work requires manual labor. Particularly in reaction systems that require time control, precise 
control becomes impossible so good precision cannot be expected in inspection and reactions. This 
difficulty is due to the fact that the supply stacker 7 has a structure such that it can be used only for 
supply while the collection stacker 9 has a structure such that it is used only for collection. 
Therefore, an object of the present invention is to provide a dispensing apparatus wherein the 
plates can be easily returned from the collection stacker to the supply stacker. Another object of 
the present invention is to provide a dispensing apparatus wherein the plates can be returned from 
the collection stacker to the supply stacker such that their order is not reversed. 

[0009] 

[Means of Solving the Problem] 

In a dispensing apparatus that has: at least two stackers that are freely able to move up and 
down, each having a plate enclosure for enclosing a stack of a plurality of plates that have a large 
number of cuvettes, and having plate support members provided on opposing edges of the bottom 
opening of said enclosure, a dispensing area, and a carrier that carries said plate and is able to 
move freely between at least the bottoms of said two stackers and the bottom of said dispensing 
area; the present invention comprises a mechanism whereby plates can be freely moved 
automatically from any stacker to any other stacker, so after diligent research on such a 
mechanism, the inventors came upon the present invention. To wit, the present invention 
comprises: protrusions for engaging the bottom edge of the plate on the inside edges of guide 
blades pivotally attached to opposing side walls of the bottom opening of the stackers and notches 
provided for avoiding the guide blade opening/closing plate of the carrier, where the carrier is able 
to freely rotate horizontally between a first position and a second position, and when said carrier is 
aligned with any stacker, in said first position, the guide blade opening/closing plate is aligned 
with the notch of the guide blade so said carrier does not contact the guide blade, but in the second 
position, the guide blade opening/closing plate engages the protrusion of the guide blade, thus 
achieving the desired object. 

[0010] 

[Function] 

According to the present invention, each stacker can be interchanged between the supply 
side and recovery side by simply rotating the carrier horizontally between the first position and 
second position. Preferably, by giving the guide blades used on the two stackers the same structure 
and also attaching them on the bottom edges of both stackers such that they are in mutually 
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opposite orientations, they can be interchanged between the supply side and recovery side by 
simply rotating the carrier by 180°, so in transfer work, it is possible to re-stack plates 
automatically by simply shuttling the carrier between the two stackers. Moreover, where in order 
to change the orientation of the plate by 90°, the hooks 1 1 shown in FIG. 1 were previously 
required to change the orientation of the stacker, in the present invention, the carrier can be rotated 
so this is no longer required. 

[0011] 

According to the present invention, the guide blades are freely able to pivot upward from 
the position where the plate is held, so in the first position, when the carrier moves relative to the 
vertical toward the bottom opening of the stacker, the guide blade opening/closing plate passes 
through the notch in the guide blade so the carrier does not contact the guide blade and the plate is 
inserted into the bottom opening, and next, the edge of the plate lifts up the guide blade and pivots, 
and when the edge of the plate passes through the guide blade, the guide blade is restored to the 
plate holding position by its own weight, supporting the lower edge of the plate. The collection or 
put-away operation can be performed in this manner. In addition, in the second position, when the 
carrier moves relative to the vertical toward the bottom opening of the stacker, the guide blade 
opening/closing plate of the carrier engages the guide blade and lifts it up and causes it to pivot, so 
the plate passes from the enclosure of the stacker through the tip edge of the guide blade and drops 
under its own weight and then, the carrier is separated from the bottom opening of the stacker, and 
thus the plate removal operation is performed. 

[0012] 

[Working Examples] 

Here follows a description of the preferred structure of the present invention. The 
dispensing apparatus according to the present invention differs from that shown in FIG. 1 only in 
the structure of the carrier and stacker, so an explanation of the common portions is omitted. 
FIG. 7 is an overall diagram with one portion omitted, where first and second stackers 7 and 9 that 
are freely able to move up and down when driven by a motor (not shown) are provided in parallel 
and below them is disposed a horizontally-moving sliding stage 5, upon which is mounted a carrier 
20 for supporting a plate 8. 

[0013] 

FIGS. 8-9 show details of the structure of the bottom opening of the stacker. Guide blades 
21, 22 and 24, 25 which have mutually symmetric structures are mounted on horizontal shafts to 
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the right and left side walls of the bottom openings of the stackers 7 and 9. FIG. 9 shows details of 
the guide blades and bottom opening for the second stacker (the guide blades 21, 22 of the first 
stacker 7 are identical to these but rotated by 180° horizontally so their description is omitted), and 
referring to this figure, guide blades 24, 25 are mounted via horizontal shafts 26 to support 
members 28, 29. These support members are secured to the outside surface of the side wall of the 
main unit of the stacker 9. In addition, vertical control pins 27 are provided on each of the guide 
blades 24, 25, and these pins are arranged so that they limit the rotation of the guide blades by 
engaging the outside surface of the side wall of the main unit of the stacker 9 (see FIG. 10-11). 
From the tip of each guide blade extends an internal edge 35 for holding the bottom edge of the 
plate, and notches 36, 37 are formed to be an escape for the guide blade opening/closing plates 38, 
39 of the carrier to be described later. 

[0014] 

As shown in FIG. 7, the carrier 20 is supported by a vertical shaft 33 driven via a belt 32 by 
the shaft 31 of an indexing motor 30 supported by the sliding stage 5. Thus, the carrier 20 can be 
rotated by any angle, particularly 90° and 180°. Details of the carrier 20 are shown on FIGS. 8, 12 
and 13. Guide blade opening/closing plates 38, 39 which are able to engage the guide blades 21, 
22, 24, 25 from a single position of rotation extend horizontally from the carrier 20. In addition, at 
a position rotated by 180° from this position, these guide blade opening/closing plates 38, 39 are 
aligned to the respective notches 36, 37 of each guide blade, so they can no longer contact the 
guide blades. This relationship is shown in FIGS. 11 and 12. With the structure described above, 
the apparatus according to the present invention operates as follows. 

[0015] 

[Operation] 

First, as shown in FIG. 8, guide blades 21, 22 of stacker 7 and guide blades 24, 25 of 
stacker 9 have the same structure but are mounted in opposite directions, while the carrier is at the 
position of rotation shown in the same figure. At this position of rotation, the carrier 20 is aligned 
to each stacker and when the stacker is lowered, the guide blade opening/closing plates 38, 39 can 
engage guide blades 21, 22 of stacker 7, but cannot engage guide blades 24, 25 of stacker 9, so 
stacker 7 becomes the supply stacker and stacker 9 becomes the collection stacker. As shown in 
FIGS. 10 and 12, the carrier 20 is aligned below stacker 7 and when stacker 7 drops down upon it, 
the guide blade opening/closing plates 38, 39 of the carrier push up the guide blades 21, 22 and 
create sufficient space for the plate 8 within the stacker to drop. Thus, the plate 8 drops upon the 
carrier 20. 
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[0016] 

Next, the carrier 20 is aligned below the stacker 9 and when the stacker 9 drops upon it, the 
guide blade opening/closing plates 38, 39 of the carrier are aligned with the notches 36, 38 [sic] of 
the guide blades 24, 25, so the guide blade opening/closing plates 38, 39 cannot push up the guide 
blades 23, 24 [sic] and thus the guide blades 24, 25 engage the peripheral edge of the plate 8 upon 
the carrier 20 while passing through and engage the lower edge of the plate. When stacker 9 is 
raised from this state, the plate is put away within the stacker 9. 

[0017] 

Next, in order to reorder the plates in ascending order, it is necessary to return the plates 
from stacker 9 to stacker 7 one at a time. In order to do this, the carrier 20 is rotated by 180°. 
Thereby, the relative relationships between the guide blade opening/closing plates 38, 39 of carrier 
20 and the notches 36, 38 [sic] of the guide blades 21, 22, 24, 25 are reversed, so stacker 9 
becomes the supply side and stacker 7 becomes the collection side, and so it is sufficient for the 
carrier 20 to shuttle between the two stackers while raising and lowering the stackers. To wit, 
when the carrier is rotated by 180°, it assumes the state shown in FIG. 13 so it is clear that stacker 
7 which was on the supply side becomes the collection side as shown in FIG. 11, and stacker 9 
becomes the supply side. 

[0018] 

[Meritorious Effects of the Invention] 

As described above, according to the present invention, it is possible to interchange the 
supply side and collection side by simply rotating the carrier between the first position and second 
position, so the re-stacking work can be performed easily. The guide blades used on the two 
stackers should preferably have the same structure and also, when mounted to the stacker bottom 
edge in mutually opposite orientations, the supply side and collection side are interchanged by 
simply rotating the carrier by 180°, so in transfer work, it is possible to re-stack plates 
automatically by simply shuttling the carrier between the two stackers. Note that where in order to 
change the orientation of the plate by 90°, the hooks 1 1 shown in FIG. 1 were previously required 
to change the orientation of the stacker, in the present invention, the carrier can be rotated so this is 
no longer required. 

[Brief Explanation of the Drawings] 

[FIG. 1] This is a perspective view of a conventional dispensing apparatus. 

[FIG. 2] This is a perspective view of a plate. 
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[FIG. 3] This is a diagram showing the structure and operation of a conventional supply 

stacker. 

[FIG. 4] This is a diagram showing the structure of a conventional supply stacker. 

[FIG. 5] This is a diagram showing the structure and operation of a conventional collection 

stacker. 

[FIG. 6] This is a diagram showing the structure of a conventional supply [sic] stacker. 

[FIG. 7] This is a front view of the dispensing apparatus of the present invention. 

[FIG. 8] This is a perspective view of the stacker and carrier of the dispensing apparatus of 
the present invention. 

[FIG. 9] This is a perspective view showing the plate supply and collection mechanism of 
the stackers of the dispensing apparatus of the present invention. 

[FIG. 10] This is a diagram showing the plate supply operation using the stacker and carrier 
of the present invention. 

[FIG. 11] This is a diagram showing the plate collection operation using the stacker and 
carrier of the present invention. 

[FIG. 12] This is a plan view showing the mutual relationships between the guide blade 
and carrier of the present invention in the plate supply state. 

[FIG. 13] This is a figure showing the relationship between the guide blade and carrier in 
the plate collection state wherein the carrier of FIG. 12 is rotated by 180°. 

[Explanation of Symbols] 

2: Dispensing pipette 

3: Holder 

4: Dispensing area 

5: Sliding stage 

7, 9: Stackers 

8: Plate 

20: Carrier 20 

21,22: Guide blades 
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24, 25: Guide blades 

26: Horizontal shaft 

27: Guide blade control pins 

28, 29: Support members 

30: Motor 

31: Shaft 

32: Belt 

33: Shaft 

35: Internal edge of guide blade 

36, 37: Notches of guide blade 

38, 39: Guide blade opening/closing plates of carrier 
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[FIG. 2] 



[Key] 
8. Plate 

1 The figures are rearranged in numerical order, and the numbers in the figures are used as keys. 
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[Key] 
5. Stage 

7. Stacker 

8. Plate 

12. Pawl 

16. Pawl opening/closing plate 

13. Flat spring 
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[FIG. 4] 



[Key] 

12. Pawl 

13. Flat spring 



[FIG. 5] 



LANGUAGES UNLIMITED INC. * P.O. BOX 386, WOODMERE, NY 11598-0386 * TEL(516) 568-0540 * FAX (516) 568-0697 Page 12 



[FIG. 6] 



JP(A) H7-244052 - 



[FIG. 7] 
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[Key] 

20. Carrier 
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[FIG. 9] 



[Key] 

24. Guide blades 
36. Notch 
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[FIG. 10] 
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[FIG. 12] 



[Key] 
8. Plate 

20. Carrier 

21. Guide blade 
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[FIG. 13] 



[Key] 
8. Plate 

20. Carrier 

21. Guide blade 
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[Written Amendment] 
[Submission Date] April 7, 1 994 
[Amendment 1] 

[Name of Document Subject to Amendment] Drawings 
[Name of Item Subject to Amendment] FIG. 10 
[Type of Amendment] Change 
[Content of Amendment] 

[FIG. 10] 
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